This Letter reports a disorder-order phase transformation, between the FeV σ-phase and ordered phases predicted by ab initio calculations. It aims to show that the presence of hydrogen can induce the formation of ordered structures out of the less ordered σ-phase, thus obviating the disagreement between the calculated and observed structures and demonstrating a way to handle similar discrepancies. The reversibility of this transformation is determined by the experimental conditions. In the experimental temperature range of our measurements the σ-phase has a clear entropic advantage over the ordered structures. Therefore, given the rather small energy difference between its lowest-energy realization and the ordered phases (see Fig.1 ), at the absence of hydrogen this phase is preferable, as seen on the empirical phase diagram of the binary Fe-V system. The presence of hydrogen in the FeV lattice has at least two roles in the formation of the ordered structures: one is to increase metal atom mobility, which is a fundamental condition to facilitate the phase transformation, and the second is to increase the relative stability of the ordered structures compared with that of the σ-phase, as shown in Fig. 1 . In addition, the presence of hydrogen increases the overall entropy of the system, thus apparently decreasing the relative entropic advantage of the σ-phase. Decreasing the measurement temperature will decrease the entropy contribution leading the ordered structures to become the preferred existing species of the system. However, at lower temperatures the kinetics of transformation is slowed down and even in the presence of hydrogen it will be difficult to achieve the ordered structures in a realistic measurement time. However, the reversibility of the process could be controlled, in principle, as discussed below. Careful examination of Fig. 5(b) yields the following conclusions: (1) There are two processes taking place when the hydrogen is desorbed from the film. They affect the film's resistivity in opposite directions.
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(2) The first process, which is associated with the removal of hydrogen atoms (scattering centers) from the film, is very fast. (3) The second process, associated with the phase transformation, is much slower than the first one. (4) As a result of the great difference between the kinetics of the two processes, the second process takes place almost completely after the hydrogen pressure has been reduced. In principle the system could have been pumped down to full vacuum. Fig. 5(b) , shows that the two processes are well separated kinetically. The same behavior is encountered in both absorption and desorption experiments. An alternative way to look at these processes is to plot the resistivity change as a function of pressure, using time as a hidden variable, as in the following Figure. Here, as in Fig. 5 , the kinetics of hydrogen desorption at 423K is compared for pure vanadium and Fe 0.1 V 0.9 alloy 10nm films. The upper graph describes the change in resistivity of the vanadium film, with a simultaneous decrease in hydrogen pressure during a desorption step. The resistivity decreases with the pressure because the number of scattering centers is decreased as H atoms desorb from the film. It is obvious that the resistivity follows closely the changes in pressure, as expected. A quite different behavior is observed for the Fe 0.1 V 0.9 alloy shown in the lower figure. The initial behavior follows almost exactly that of the vanadium sample, namely the resistivity decreases with pressure. However, when the pressure is stabilized, a second stage starts, in the opposite direction. This stage is slow compared with the initial stage. Hydrogen induced phase separation accounts for this behavior. The process of phase formation associated with metal atoms diffusion is slow compared to hydrogen dissolution in the film. Thus it is expected that two stages will be observed as the sample is exposed to hydrogen. Initially, the hydrogen dissolved in the film will increase the resistivity normally by serving as scattering centers in the metal lattice. Then, a slower process of phase separation will take place in which the resistivity is changed in the opposite (decrease) direction. For desorption the process is reversed as shown in the Figure; during the first stage, H atoms dissolved in the metal lattices of the predicted ordered phases desorb from the film. The number of the associated scattering centers is reduced, leading to a decrease of the resistivity with the pressure, similar to the behavior of the reference pure vanadium film. At sufficiently low pressures the phase separation is reversed, due to the higher entropy of the disordered σ-phase and the smaller formation-enthalpy differences in the absence of absorbed hydrogen, leading to an increase in the residual resistivity at constant pressure. Decreasing the temperature, would slow the transformation kinetics of both processes and would prevent the appearance of any effect at all, as demonstrated in Fig.3(b) . Nevertheless, irreversibility may be achieved by decreasing the temperature of the system, in the presence of hydrogen, after the transformation has been completed (the minimum point in Fig 3(c) ). During the following pumping of the system, like the one shown in the figure, the first process may become a little slower, but the second one will be much slower. Under these low temperature conditions, the ordered structures would be sustained while hydrogen is removed, either at temperatures were they are metastable (due to slow kinetics) or at lower temperatures were they are stable, and there is no clear way to distinguish between the two. Of course, under such a treatment, Fig. 5 (b) will be very similar to Fig. 5(a) , though actually the films will be very different in nature. The lower figure shown here would also be similar to the upper one at higher pressures (short times) but would be truncated at a certain threshold pressure (longer times) when the desorption has been completed but no phase transformation takes place, and no increase would be observed in ΔR. A more comprehensive research is planned which would include this series of experiments to control the reversibility of the transformation in combination with the increase of the film's thickness toward its bulk state, in order to detect the structure and properties of the ordered structures. This would also mitigate the possible effects of film strains.
